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Background: In Japan, transarterial infusion chemotherapy using cisplatin (CDDP-TAI) is frequently used for
advanced hepatocellular carcinoma (HCC). Moreover, oral chemotherapy with S-1, an oral fluoropyrimidine derivative,
has also elicited promising responses in HCC patients. We determined the recommended dosage for CDDP-TAI plus
S-1 combination therapy for advanced HCC.
Methods: Twelve Child–Pugh class A or B patients with advanced HCC who met the eligibility criteria were enrolled in
this phase I trial. Patients received CDDP-TAI (infusion, day 1) plus S-1 (oral administration, days 1–21) every 5 weeks
until disease progression.
Results: Cisplatin (65 mg/m2) was administered with S-1 at 50 mg · m−2 day−1 (level 1, 3 patients), 60 mg · m−2 day−1
(level 2, 3 patients), or 80 mg · m−2 day−1 (level 3, 6 patients). The total number of treatment courses was 25 (median, 2
courses/patient; range, 1–6 courses). Dose-limiting toxicity was not observed in any patient at any level; therefore, the
recommended dosage for cisplatin and S-1 in combination was level 3. Grade 3 adverse events were elevated alanine
aminotransferase levels (2 patients), elevated aspartate aminotransferase levels (2 patients), anemia (1 patient), and
decreased platelet counts (1 patient). Median progression-free survival and overall survival were 73 days and
328 days, respectively. The disease control rate was 58% (7/12); 17% (2/12) of patients achieved partial response
and 42% (5/12) achieved stable disease. CDDP-TAI plus S-1 is safe for the treatment of HCC.
Conclusion: The recommended dosage for further evaluation of this combination therapy in phase II studies is
65 mg/m2 CDDP and 80 mg/m2 S-1.
Trial registration: UMIN; number: UMIN000003113
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Hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide. Surgical resection, liver
transplant, percutaneous ethanol injection (PEI), and
radiofrequency ablation (RFA) are considered the main-
stay of treatment for patients with potentially curable
disease. Transcatheter arterial chemoembolization
(TACE) is the treatment of choice for non-curative* Correspondence: shkondo@ncc.go.jp
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unless otherwise stated.HCC. HCC patients with advanced stage disease or dis-
ease progression after locoregional therapy have a dis-
mal prognosis owing to few effective treatment options
and rapid tumor progression [1]. Recently, several
placebo-controlled, randomized phase III trials have
shown that sorafenib, an oral multi-tyrosine kinase inhibi-
tor, provided a significant survival benefit in patients with
advanced HCC [2,3]. However, sorafenib only increased
median survival by approximately 3 months when com-
pared with placebo. Therefore, further development of
effective therapeutic strategies for the treatment of
advanced HCC is essential.al Ltd. This is an Open Access article distributed under the terms of the Creative
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effective against various solid tumors and has an accept-
able toxicity profile. The response rate of S-1 against
HCC was reported to be 21.3% in a phase II study [4].
Hepatic transcatheter arterial infusion chemotherapy
using cisplatin (CDDP-TAI) has also shown a favorable
tumor response rate of 33.8% in advanced HCC patients
in a phase II clinical study [5]. The combination of CDDP
with the fluoropyrimidine 5-fluorouracil (5-FU) has been
shown to exhibit significant synergy against various
cancer types in vitro and in vivo [6,7]. Given the antitu-
mor activity of S-1 and CDDP against HCC, combin-
ation therapy may improve patient outcome. Therefore,
we conducted a phase I clinical trial of CDDP-TAI plus
S-1 in patients with advanced HCC. The primary end-
point was to determine the recommended dosage (RD)
of CDDP-TAI plus S-1 for phase II studies based on
the maximum-tolerated dose (MTD) and dose-limiting
toxicity (DLT). The secondary endpoints were to evalu-
ate toxicity, progression-free survival (PFS), and overall
survival (OS).Methods
This study was approved by the ethics committee of
National Cancer Center Hospital. The trial was designed
according to the current Declaration of Helsinki (Somerset
West, South Africa, 1996). Written informed consent
was obtained from each participating patient before
enrollment. This study was registered with the University
Hospital Medical Information Network in Japan (UMIN;
number UMIN000003113) and has been completed.Patient eligibility
We used the following eligibility criteria to screen pa-
tients for inclusion: histological or clinical confirmation
of HCC by early tumor staining with dynamic computed
tomography or dynamic magnetic resonance imaging;
elevated serum levels of alpha-fetoprotein (AFP) or pro-
tein induced by vitamin K absence-II (PIVKA-II); age ≥
20 years; unresectable HCC; no indication for liver trans-
plantation, local ablation therapy (percutaneous RFA, PEI,
and microwave coagulation), and TACE; Child–Pugh class
A or B; Eastern Cooperative Oncology Group perform-
ance status (PS) 0–2; adequate bone marrow, renal, and
cardiac function; existence of a intrahepatic lesion; ad-
equate oral intake; and life expectancy > 60 days. For eli-
gibility, patients also had to meet the following clinical
laboratory test criteria: neutrophil count ≥ 1,500/mm3;
platelet count ≥ 60,000/mm3; hemoglobin (Hb) ≥ 9.0 g/dL;
serum creatinine (Cr) ≤ 1.2 mg/dL and Cr clearance ≥
50 mL/min; alanine aminotransferase (ALT) ≤ 5 × the
upper limit of the normal range (ULN); aspartate amino-
transferase (AST) ≤ 5 × ULN; serum albumin ≥ 2.8 g/dL;prothrombin time and international normalized ratio ≤
2.3; and serum total bilirubin level (T-Bil) ≤ 2.0 mg/dL.
The exclusion criteria were as follows: any treatment
for HCC within 28 days before study entry; prior chemo-
therapy with 5-FU or a platinum-containing drug; ad-
ministration of blood transfusion, blood preparation,
albumin preparation, or granulocyte-colony stimulating
factor within 15 days before study entry; regular use of
phenytoin, warfarin, or flucytosine; severe heart failure;
uncontrollable diabetes mellitus; active infection; preg-
nancy or lactation; childbearing age for women unless
effective contraception was being used; severe drug hyper-
sensitivity; mental disorder; watery diarrhea; moderate or
marked pleural effusion or ascites; and other serious med-
ical conditions.
Treatment
Patients received CDDP-TAI (infusion on day 1) and S-1
(daily oral administration on days 1–21) every 5 weeks.
CDDP-TAI was performed via a lobar or selective
approach depending on tumor number and location
Figure 1. Treatment was continued until occurrence of
disease progression or unacceptable adverse events. If
patients did not fulfill the continuation criteria (absolute
white blood cell count ≥ 2000/mm3; platelet count ≥
50,000/mm3; Cr ≤ 1.5 mg/dL; diarrhea or mucositis ≤
grade 2; and rash ≤ grade 2), S-1 was temporarily sus-
pended until recovery. The next course was started only
when patients fulfilled the following criteria: absolute
neutrophil count ≥ 1000/mm3; Hb ≥ 9.0 g/dL; platelet
count ≥ 50,000/mm3; AST ≤ grade 2; ALT ≤ grade 2; Cr ≤
1.2 mg/dL; diarrhea or mucositis ≤ grade 2; and rash ≤
grade 2. Patients who required > 49 days to begin the next
cycle were withdrawn from the study.
Patients were scheduled to receive CDDP-TAI plus S-1
at 3 dosage levels (Table 1). CDDP was administered at a
dosage of 65 mg/m2 at levels 1–3. S-1 was administered as
follows: level 1, 50 mg/m2; level 2, 60 mg/m2; and level 3,
80 mg/m2. At level 0, the CDDP dosage was decreased to
50 mg/m2, and S-1 was administered at the same dosage
as level 1.
Study design
The objective of this trial was to evaluate the frequency
of DLT during the first 28 days of cycle 1 and to deter-
mine the RD that should be used in a phase II trial. At
least 3 patients were enrolled at each dosage level. Level
1, which was the starting dose, was initially administered
to 3 patients. If DLT was observed in 1 or 2 of the initial
3 patients, up to 3 additional patients were enrolled at
the same dosage level. The highest dosage level that did
not cause DLT in 3 of 3 patients or ≥ 3 of 6 patients
treated during the first cycle was considered the MTD.
DLT was defined as febrile neutropenia; clinically or
Figure 1 Treatment schedule.
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neutrophils; absolute grade 4 leukopenia or neutropenia
for ≥ 7 days; grade 4 thrombocytopenia or administration
of platelet transfusion; grade 3 non-hematological toxicity;
AST, ALT, ALP or γ-glutamyltranspeptidase >15 × ULN;
Cr > 2.0 mg/dL; any toxicity that required interruption of
therapy for > 49 days between day 1 of the first cycle and
day 1 of the second cycle; and interruption of S-1 chemo-
therapy more than 21 times during 1 cycle. Toxicity was
graded according to the Common Terminology Criteria
for Adverse Events version 3.0.Assessment of efficacy and toxicity
All patients who received at least 1 dose of the study
drugs were included in the response and toxicity evalua-
tions. Every 5 weeks, tumor responses were assessed
according to the Response Evaluation Criteria in Solid
Tumors version 1.0. PFS was defined as the interval
between the date of treatment initiation and the date of
first confirmed disease progression or the date of death
from any cause. OS was defined as the interval from the
date of treatment initiation to the date of death from
any cause. Median PFS and median OS were estimated
using the Kaplan–Meier method. For each cycle, tumor
markers (AFP and PIVKA-II) were assessed 5 weeks
after CDDP-TAI administration.Table 1 Dose escalation
CDDP
(mg/m2) BSA < 1
Dose level Level 0 50 5
Level 1* 65 5
Level 2 65 6
Level 3 65 8
CDDP, cisplatin; BSA, body surface area; *, starting dose.Results
Patient characteristics and treatment
Between January 2010 and June 2011, 13 patients were en-
rolled at the National Cancer Center Hospital and Na-
tional Cancer Center Hospital East in Japan. Of the 13
enrolled patients, 12 patients were eligible for the toxicity
and efficacy evaluations (level 1, 3 patients; level 2, 3 pa-
tients; and level 3, 6 patients). One patient was excluded
before initiation of the protocol treatment because of the
use of a drug that had interactions with S-1. Patient char-
acteristics are shown in Table 2. Eleven (91.7%) patients
were PS 0, and 1 (8.3%) patient was PS 1. Seven (58.3%)
patients were Child–Pugh score 5, 3 (25%) patients were
Child–Pugh score 6, and 2 (16.7%) patients were Child-
Pugh score 7 at baseline. Four (33%) patients had meta-
static disease. Metastatic organs were the lung (4 patients),
bone (1 patient), and lymph node (1 patient). Five (41.7%)
patients had received prior treatment with sorafenib.
Eleven (91.7%) patients had a history of TACE. Epirubicin
was used for prior TACE. There was no history of chemo-
therapy, except for sorafenib. The total number of treat-
ment courses was 25, with a median of 2 courses per
patient (range, 1–6 courses).
Toxicity
Treatment was generally well tolerated throughout the
study, and grade 4 toxicity was not observed in any ofS-1 (mg)





Table 2 Patient characteristics
Level 1 (n = 3)
n (%)
Level 2 (n = 3)
n (%)
Level 3 (n = 6)
n (%)
Total (n = 12)
n (%)
Age Median 62 67 64.5 64.5
Range 47–68 62–79 47–80 47–80
PS 0 3 3 5 11 (91.7)
1 0 0 1 1 (8.3)
2 0 0 0 0 (0)
TNM staging Stage II 1 1 1 3 (25.0)
Stage IIIA 0 0 3 3 (25.0)
Stage IIIB 1 1 0 2 (16.7)
Stage IVA 0 0 0 0 (0)
Stage IVB 1 1 2 4 (33.3)
Virus infection HBV 2 2 3 7 (58.3)
HCV 1 1 1 3 (25.0)
Non-B, non-C 0 0 2 2 (16.7)
Child–Pugh score 5 3 2 2 7 (58.3)
6 0 1 2 3 (25.0)
7 0 0 2 2 (16.7)
Extrahepatic metastasis No 2 2 4 8 (66.7)
Yes 1 1 2 4 (33.3)
History of sorafenib No 2 2 3 7 (58)
Yes 1 1 2 5 (42)
History of TACE No 0 0 1 1 (8.3)
Yes 3 3 5 11 (91.7)
PS, Eastern Cooperative Oncology Group performance status; TNM, tumor node metastasis according to American Joint Committee on Cancer; HBV, hepatitis B
virus; HCV, hepatitis C virus; TACE, transcatheter arterial chemoembolization.
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(41.7%) patients. The grade 3 adverse events were elevated
AST (17%), elevated ALT (17%), anemia (17%), throm-
bocytopenia (8%), elevated T-Bil (8%), hyponatremia (8%),
and hemorrhage in the biliary tree (8%). Grade 3 elevated
AST, elevated ALT, anemia, and thrombocytopenia recov-
ered without any specific treatments. Grade 3 hyponatre-
mia was reversible with conservative treatment. Moreover,
in a patient with bile duct invasion of the tumor, grade 3
elevated T-Bil and hemorrhage in the biliary system due
to tumor invasion disappeared after transcatheter arterial
embolization. On the other hand, DLT was not observed
during the first cycle at any dosage level; therefore, the RD
was determined to be level 3.
Efficacy
The PFS and OS for all 12 patients in this phase I study
are shown in Figure 2. The median PFS and OS were
73 days (95% confidence interval [CI], 0–169) and 328 days
(95% CI, 128–527), respectively. The response rate was
17%. The disease control rate (partial response [PR] +
stable disease [SD]) was 58% (PR, 2 patients; SD, 5 pa-
tients; and progressive disease [PD], 5 patients). Onepatient had PR and 2 patients had SD at level 1; 1 pa-
tient had PR and 2 patients had PD at level 2; and 3 pa-
tients had SD and 3 patients had PD at level 3. Five
patients who had received prior treatment with sorafe-
nib had a response rate of 40%, disease-control rate of
80% (PD, 1 patient; SD, 2 patients; PR, 2 patients), and
median PFS of 179 days (95% CI, 26.6–331.4).
Discussion
This is the first study to estimate the safety and efficacy of
CDDP-TAI plus S-1 combination therapy in advanced
HCC patients. This study was conducted to determine the
RD of this combination therapy for subsequent phase II
studies. DLT was not observed during the first cycle at
any dose level; therefore, the RD was determined to be
65 mg/m2 CDDP and 80 mg/m2 S-1. Grade 3 adverse
events in all cycles included elevated AST, elevated
ALT, anemia, and thrombocytopenia. CDDP-TAI plus
S-1 combination therapy showed an acceptable toxicity
profile.
In our study, the most frequent grade 3 adverse event
was elevated AST and ALT levels, which are indicative
of liver injury. CDDP-TAI plus S-1 induced more severe
Table 3 Adverse events in all cycles
Level 1 (n = 3) Level 2 (n = 3) Level 3 (n = 6) Total (n = 12)
All G n (%) G3–4 n (%) All G n (%) G3–4 n (%) All G n (%) G3–4 n (%) All G n (%) G3–4 n (%)
Leukopenia 3 (100) 0 (0) 3 (100) 0 (0) 3 (50) 0 (0) 9 (75) 0 (0)
Neutropenia 2 (67) 0 (0) 3 (100) 0 (0) 2 (33) 0 (0) 7 (58) 0 (0)
Anemia 3 (100) 0 (0) 2 (67) 1 (33) 2 (33) 1 (17) 7 (58) 2 (17)
Thrombocytopenia 3 (100) 0 (0) 3 (100) 1 (33) 3 (50) 0 (0) 9 (75) 1 (8)
Total bilirubin 2 (67) 0 (0) 2 (67) 1 (33) 6 (100) 0 (0) 10 (83) 1 (8)
AST 2 (67) 0 (0) 3 (100) 2 (67) 3 (50) 0 (0) 8 (67) 2 (17)
ALT 3 (100) 1 (33) 2 (67) 1 (33) 1 (17) 0 (0) 6 (50) 2 (17)
ALP 2 (67) 0 (0) 0 (0) 0 (0) 1 (17) 0 (0) 3 (25) 0 (0)
Hyponatremia 2 (67) 0 (0) 1 (33) 0 (0) 5 (83) 1 (17) 8 (67) 1 (8)
Hypoalbuminemia 2 (67) 0 (0) 1 (33) 0 (0) 3 (50) 0 (0) 6 (50) 0 (0)
Fatigue 2 (67) 0 (0) 2 (67) 0 (0) 4 (67) 0 (0) 8 (67) 0 (0)
Anorexia 1 (33) 0 (0) 3 (100) 0 (0) 4 (67) 0 (0) 8 (67) 0 (0)
Nausea 3 (100) 0 (0) 2(67) 0 (0) 1 (17) 0 (0) 6 (50) 0 (0)
Vomiting 0 (0) 0 (0) 1 (33) 0 (0) 0 (0) 0 (0) 1 (8) 0 (0)
Diarrhea 0 (0) 0 (0) 1 (33) 0 (0) 1 (17) 0 (0) 2 (17) 0 (0)
Stomatitis 2 (67) 0 (0) 1 (33) 0 (0) 1 (17) 0 (0) 4 (33) 0 (0)
Edema 1 (33) 0 (0) 0 (0) 0 (0) 3 (50) 0 (0) 4 (33) 0 (0)
Hemorrhage in biliary tree 0 (0) 0 (0) 1 (33) 1 (33) 0 (0) 0 (0) 1 (8) 1 (8)
G, grade; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase.
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comparable dosage of S-1 plus intravenous CDDP in
gastric cancer patients [8]. The incidence of grade 3 or 4
elevated AST and ALT in advanced HCC patients was
similar between CDDP-TAI plus S-1 in our study andFigure 2 Progression-free survival (PFS) and overall survival
(OS) (n = 12). The median PFS and OS were 73 days and
328 days, respectively.CDDP-TAI alone in a previous study (AST, 32.5%; ALT,
11.3%) [5]. Therefore, addition of S-1 to CDDP-TAI may
not affect liver function, and CDDP-TAI itself may be
responsible for hepatic toxicity. Liver injury and cirrhosis
reduce the ability of the liver to metabolize and excrete
drugs, which may further exacerbate liver damage. In
the present study, 8 of 12 patients were infected with
hepatitis B or C virus. Thus, CDDP-TAI also appeared
to have a negative effect on non-cancerous liver tissue.
However, CDDP-TAI toxicity was managed without any
specific treatments.
This study showed that the standard S-1 dosage was
well tolerated by HCC patients with Child–Pugh score
5–7 who received CDDP-TAI. Severe diarrhea and sto-
matitis, which are often associated with S-1 toxicity [9],
were not reported. Moreover, grade 3 or 4 hepatic tox-
icity did not occur in any of the patients at the highest
S-1 dosage (level 3). The liver plays an important role in
the metabolism of tegafur, which is the main compo-
nent of S-1. The conversion of tegafur to 5-FU is mainly
mediated by hepatic cytochrome CYP2A6 [10]. 5-FU is
rapidly metabolized by dihydropyrimidine dehydrogen-
ase in the liver after intravenous administration of 5-FU
alone. However, Furuse et al. reported that hepatic dys-
function associated with Child–Pugh B did not affect
the pharmacokinetics of S-1 (80 mg/m2) or 5-FU [4].
This study also showed that the standard dose of S-1, even
when used in combination with CDDP-TAI, was tolerable
in patients with mild liver injury. As a limitation, although
Terazawa et al. BMC Cancer 2014, 14:301 Page 6 of 6
http://www.biomedcentral.com/1471-2407/14/301this study included 2 patients with a Child-Pugh score of 7
at level 3, no patients with a Child-Pugh score of 8–9 were
included. This is because the present trial was a phase I
study, and therefore, only 12 patients were included, who
tended to have a good score. We will plan a phase II study
with a larger number of patients with HCC to evaluate the
efficacy and toxicity.
CDDP-TAI plus S-1 combination therapy affords a
certain level of tumor control for patients with advanced
HCC. Moreover, CDDP-TAI plus S-1 combination therapy
was effective as second-line treatment in advanced HCC
patients who had received prior sorafenib; 40% of patients
achieved a partial response and 40% of patients achieved
stable disease. A double-blind, placebo-controlled phase
III trial to evaluate the efficacy of S-1 in patients with
advanced HCC failure to sorafenib monotherapy is
currently ongoing (JapicCTI-090920). In the future, we
plan to validate the efficacy of CDDP-TAI plus S-1 com-
bination therapy against advanced HCC that has pro-
gressed after sorafenib in a phase II study.
Conclusions
This study showed that CDDP-TAI plus S-1 can be
safely used in the treatment of advanced HCC. The RD
for a subsequent phase II clinical trial was estimated to
be 65 mg/m2 CDDP and 80 mg/m2 S-1. To assess the
efficacy of this combination therapy against advanced
HCC, we plan to conduct a subsequent phase II study.
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